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ABSTRACT:
The peak pressures are computed using computational fluid dynamics (CFD) with the inflow turbulence and compared
with 1:6 scale TTU wind tunnel measurements. The inflow turbulence is calculated using Consistent Discrete Random
Flow Generation (CDRFG) method. The maximum and minimum frequencies of the wind spectrum from the field or
wind tunnel measurements are given as input to the inflow turbulence generator. This produces high pressure error.
For one case, more than 600% peak pressure error on the sidewalls and 100% peak pressure error on the roof are
observed. This error may be due to not considering the grid spacing frequency in the input. By varying maximum
frequencies systematically for a specific computational mesh and comparing the velocities at the inflow and the
building location without building, the possible cause of the error is explained. Some improvements are suggested in
using synthetic inflow turbulence generation.
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1. INSTRUCTION
Several infrastructure damages, economic losses, and even deaths are caused by strong windstorms
such as hurricanes, and tornadoes. Most of these devastating events occur due to wind peak
pressure loads. The higher wind intensity and stronger storm frequency comparing to those in the
past demands a better understanding of wind load and subsequently wind peak pressure on
buildings. To optimize cost and time and obtain more details of the flow field, the experimentally
verified numerical modeling of wind-structure interaction is advantageous.
A critical aspect of the numerical investigation is defining the right inflow turbulence boundary
condition satisfying specific spectra and correlations. Based on these criteria, enormous methods
are developed which are categorized as (a) precursor database, (b) recycling method, and (c)
synthetic turbulence (Keating et al., 2004). The weakness of the first method is the need of the
precursor database that makes this method computationally expensive. The second method is not
practical because it is computationally costly and is sensitive to roughness (Aboshosha et al.,
2015). Hence, using the synthetic turbulence methods as inflow boundary condition is preferred
(Aboshosha et al., 2015; Ding et al., 2019). Furthermore, if the inflow turbulence field is not
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divergence-free, it leads to imbalance in mass inflow. This imbalance produces unrealistic pressure
fluctuations in the pressure-velocity coupling step and subsequently, it leads to inaccurate pressure
prediction.
Furthermore, choosing maximum and minimum frequencies based on the field or wind tunnel
(WT) spectrum as an input for inflow methods regardless of their maximum grid size leads to
production of high error in peak pressure results. For a given grid spacing h, the wavelength L of
a wave in the form of sine or cosine function transported by a finite difference grid will be 4h as
mentioned by (Kravchenko and Moin, 1997).The relation between frequency and wavelength is
𝐿 = 𝑈𝐻 /𝑛. Subsequently, the non-dimensional wavelength λ and frequency f are calculated using
by 𝜆 = 𝐿/𝐻 = 𝑈𝐻 /𝐻𝑛 = 1/𝑓 . Hence the corresponding frequency fgrid can be calculated as
𝑓𝑔𝑟𝑖𝑑 = 𝐻/𝐿 = 𝐻/4ℎ. In the Large Eddy Simulation Method (LES) also, only a certain range of
frequency can be transported by a specific maximum grid spacing (Chow & Moin, 2003; Ferziger
& Perić, 2002). For a grid spacing of h, fLES is the largest frequency could be resolved by the grid
and in the LES studies fLES = fgrid =H/4h.
Hence, in the current study, the peak and mean pressures are computed using computational fluid
dynamics (CFD) and compared with 1:6 scale TTU wind tunnel measurements. The inflow
turbulence field used as the inflow boundary condition is calculated with various maximum
frequency via the Consistent Discrete Random Flow Generation (CDRFG) method. To validate
the numerical model, normalized mean wind speed and turbulence intensity profiles are compared
with TTU wind tunnel measurements. Moreover, the velocity spectrum is compared with the
targeted spectrum (i.e, von Karman Spectrum). Finally, effects of high frequency beyond fLES on
peak and mean pressure results are reported.
It should be noticed that this study is done for various grid spacing sizes such as H/8, H/16, and
H/24. The inlet velocities are calculated using the CDRFG method for fmax =10 and fLES for all
grids. As the case with grid size of H/16 was in good agreement with WT results, it was chosen
for further investigation. In the current study only, some results related to H/16 are presented due
to the space limitation.
2. RESULTS

For the various fmax (i.e.,2,4,8, and 10), the inlet velocities are calculated using the CDRFG method
for H/16 grid. For all the cases, the fmin is kept as 0.1 to match with the 1:6 scale TTU building
study WT wind spectrum as reported by Mooneghi et al. (2016). The peak pressure coefficients
Cp on the TTU building and inlet velocity spectrums are computed. The computed mean and peak
Cp are compared with WT pressure coefficients provided by Moravej (2018). In all the plots, the
WT peak pressures are called WT6. From the comparisons, as fmax decreases from 10 to 4, the peak
pressures on the roof approach the WT measurements.
2.1.Velocity Spectrum at the Inlet
The inlet velocity spectrums as well as the corresponding velocity spectrums at the
windward edge of the building without building are shown in Figure 1 at the building height of
fmax=2, 4 and 10 as a sample. The targeted fmax is realized at the inflow as shown in Figures 1 (a)
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to 1(c). A dashed vertical line is placed in each figure to show the fmax point. Using these inlet
velocities, the building peak pressures are calculated to compare with WT measurements. One can
also see that at the building location, the high-frequency amplitude or energy is cut off beyond
fmax=4 as shown in the Figure 1 (a) due to the grid resolution effect. This error is less for fmax equal
to 4 or less. There is a reasonable correlation between the inlet and building location spectrum in
the Figure 1 (b) and (c) when the fLES is less than or equal to 4 or fgrid.

Figure 1. Velocity spectrum at the inlet and building location without building for various fmax using

H/16 grid (a) fmax=10 (b) fmax=4 and (c) fmax=2.
2.2.Comparison of mean pressure coefficients for various fmax with WT
The mean pressure coefficients Cp are calculated from 10 time units to 100 time units at each point
along the centerline of the TTU building. The mean Cp values are comparable with WT6 as shown
in Figure 2 (a) to (d) for the four fmax considered. Only minimum difference from one plot to
another is noticed. The maximum error of 20% between WT and CFD is noticed at the windward
roof edge, and other places the errors are less than this value. This discrepancy could be due to the
particular inflow turbulence method used. This is under further investigation.

Figure 2. Mean pressure coefficients for various fmax using H/16 grid spacing (a) fmax=10, (b) fmax=8, (c) fmax=4, (d)
fmax=2.

2.2. Comparison of minimum peak pressures for various fmax with WT
The minimum peak pressure coefficients Cpmin for the four fmax cases are plotted in Figure 3 for
H/16 grid. The minimum values are calculated using the same 10 time units to 100 time units data.
The CFD peak pressures are compared with WT6 data. The error on the roof is very high for
fmax=10 (Figure 3 (a)), and as fmax decreases, the error decreases systematically (Figure 3 (b) to
(d)). The maximum errors on the roof are around 100%, 92%, 33%, and 33% for fmax values of 10,
8, 4, and 2, respectively. Although the errors are far higher in all the four cases on the windward
and leeward side, the errors are reduced somewhat for lower fmax.
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Figure 3. Minimum pressure coefficients for various fmax using H/16 grid spacing (a) fmax=10, (b) fmax=8, (c) fmax=4,
(d) fmax=2.

3. CONCLUSION
In the current study, the peak and mean pressures are computed using computational fluid
dynamics (CFD) and compared with 1:6 scale TTU wind tunnel measurements for various
maximum frequency as input for inflow generator. This study indicated that the largest grid
spacing h in the computational domain determines the highest frequency of the velocity
fluctuations transported by the grid from the inflow turbulence. In the LES computation, the
suggested highest frequency transported in the flow using finite difference method (FDM) is fLES
=H/4h where H is reference height and h is grid spacing size. If fmax>fLES velocity spectrum is
considered at the inlet, these velocities give unrealistic pressures at the velocity-pressure coupling
step (more than 600% error on sidewall and 100% on the roof for H/16 grid). This is illustrated by
comparing the CFD peak pressure with WT measurement for the TTU building. Furthermore,
mean pressure results do not show any difference in all cases, whereas differences from one case
to another are considerable in peak pressure results.
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